to an altitude of over 9,000 feet without adequate prior acclimatization. Initial symptoms usually appear 12 to 36 hours after arrival from sea level. Acclimatized individuals living at high altitudes who spend a short period of time at sea level and then return to a high altitude seem more susceptible than individuals exposed for the first time to high altitude. Repeated attacks in the same individual are common. Several recent reports have described the essential clinical features of this syndrome.'-.
Autopsy studies including histologic examination of the lungs have been made in four cases. In one case diffuse pulmonary edema was associated with an interstitial pneumonitis of possible viral origin, whereas in the other three cases diffuse pulmonary edema without evidence of pneumonitis was found.3 6 The mechanism of production of acute highaltitude pulmonary edema remains The total vital capacity was 1.2 L. in 2 seconds, and 1.1 L. in 1 second (predicted normal 1.3 to 2.9 L. ).
The electrocardiogram revealed a pattern compatible with right ventricular hypertrophy that was essentially unchanged from previous records ( fig. 1 ). In addition, there was a sinus tachycardia with prominent peaking of the P waves, especially in lead II.
Roentgenograms of the chest revealed bilateral pulmonary densities, more marked on the right, and prominence of the central pulmonary vessels but no cardiac enlargement ( fig. 2 ).
Physiologic Studies
At noon on July 19, after being out of the oxygen tent for 4 hours, he was given preliminary sedation with 50 mg. of phenobarbital. Under local anesthesia, a no.-7 Cournand cardiac catheter was inserted into a prominent vein at the right elbow and guided without difficulty into the main pulmonary artery. It was possible to advance the catheter during deep inspiration into several wedge positions in both the right and left lung. After the wedge and pulmonary artery pressures were recorded several times, 100 per cent oxygen was administered by mask for 20 minutes. Pressures were again recorded. After the administration of oxygen was begun, coughing ceased. An arterial blood sample was obtained from the femoral artery before and after 10 minutes of oxygen breathing. At the conclusion of the procedure, the patient was retuLrned to his room and placed in an oxygen tent. The results of the study are summarized in table 1A.
Hospital Course
After being given oxygen, the patient remained asymptomatic. On July 21 when he was discharged from the hospital, his chest was clear to auscultation and the roentgenogram was normal. A phonocardiogram revealed an apical third sound that had not previously been present. The second sound at the pulmonic area was less intense. On July 20 the electrocardiogram was essentially similar to that recorded prior to his episode of pulmonary edema. The total vital capacity was 1.4 L. in 2 seconds and 1.3 L. in 1 second.
Follow-up Physiologic Studies
On the afternoon of August 6 this patient was studied by cardiac catheterization for the second time. He was at this time asymptomatic, with a perfectly normal physical worked hard all the following day in the mine. During the afternoon he noted increasing dyspnea and during the night be becamle very dyspneic, noted "gurgling sounds" in his chest, and coughed up clear liquid sputum but no blood. Tie received oxygen by nasal catheter in tlhe morning and immediately felt better. 1His dyspnea returned when the oxygen was stopped. Around noon he became mentally confused and on the following day he was transferred to the Chulec General Hospital. He had noted a mild sore throat on August 7 but this had subsided the following day.
Physical Examination
The temperature was 99F., the pulse 110, the respiratory rate 30, and the blood pressure 112/75. The patient was dyspneic, cyanotic, and drowsy. The extremities were cold and the peripheral pulses were small. The throat was slightly reddened. There were no cervical nodes. August 8, 1961 On August 7 at 7:00 p.m., cardiac catheterization studies were performed. No premedication was used. After procaine infiltration, a no.-8 cardiac catheter was inserted into a prominent vein at the right elbow and advanced into the right pulmonary artery. Pressure measurements were made during room air breathing and during the administration of a 10 per cent oxygen mixture in nitrogen (equivalent to a 6.3 per cent oxygen concentration at sea level). Following a period of breathing room air again, 100 per cent oxygen was given by mask for 6 minutes. The data are summarized in table 6. The mean right atrial pressure was 6 mm. Hg and the contour was normal. The pulmonary artery could not be entered. Discussion The data obtained in the present study have demonstrated four important features of pulmonary edema at high altitude that merit analysis: (1) pulmonary hypertension due to anoxic pulmonary arteriolar constriction; (2) normal or low pulmonary artery wedge pressures; (3) no evidence of left ventricular failure; and (4) no evidence of underlying cardiac disease.
Pulmonary artery pressures obtained in the present study during pulmonary edema are clearly higher than normal sea level values and exceed values commonly seen in acclimatized normal subjects living at the same altitude ( fig. 4) . The normal or low pulmonary artery wedge pressures with a low cardiac output indicate that the pulmonary arteriolar re-S sistance is increased. Calculated values in patients 1 and 2 are higher than values observed in normal subjects at high altitude.9 The prompt and striking fall in pulmonary artery pressure induced by oxygen breathing suggests that the arteriolar constriction is due to hypoxia. The pressure fall is far greater than that seen in normal residents at high altitude ( fig. 5) . The decrease in pulmonary artery pressure following recovery when peripheral arterial saturation has returned to normal also supports this view.
Although the principal stimulus to pulmonary arteriolar constriction leading to pulmonary hypertension in high-altitude pulmonary edema is the low oxygen tension of high altitude, three additional factors contribute to further elevation of pulmonary artery pressure in patients who develop pulmonary edema: (1) physical activity, (2) Effect of 100 per cent oxygen breathing upon mean pulmonary artery pressure during acute pulmonary edema. The secondary to pulmonary arteriolar dilatation. The above data exclude acute left ventricular failure as a causative mechanism. Other observations are also incompatible with the presence of left heart failure. The brachial arterial pressure response to a Valsalva maneuver was normal in patient 2 ( fig. 3 ). There was no roentgenographic evidence of increased heart size and no consistent decrease in heart size after recovery. Venous pressures in six patients were normal. Circulation time (arm-to-tongue Decholin) was normal in one patient. Intravenous ouabain given to one patient with severe pulmonary edema produced no change in the clinical picture but subsequent oxygen administration was accompanied by rapid improvement." Previous studies have demonstrated no clinical improvement after the administration of digitalis preparations.2 Autopsy studies have not demonstrated enlargement or dilatation of the left ventricle or left atrium. 3 6 None of the patients in this series had any evidence of underlying cardiac disease. Patient 1, MS., had a higher pulmonary artery pressure than normal for healthy residents at 12,300 ft. and this pressure was moderately elevated at sea level. The mild degree of pulmonic stenosis encountered at sea level would not appear to be important in producing pulmonary edema at high altitude. The four patients in this series who were studied after recovery had resting pulmonary artery pressures that were normal for residents of that area (fig. 4) . Other studies have clearly demonstrated the absence of underlying cardiac disease in patients with pulmonary edema at high altitude.2 6 The data presented in this paper compare closely with results of studies performed by Fred et March 1964 ly owing to coughing. Although the authors speculate that pulmonary venous constriction might be present, the normal pulmonary artery wedge pressures obtained on similar cases in the present study make it quite likely that the pulmonary artery wedge pressure in the Salt Lake case was also not unduly elevated.
Studies so far, therefore, indicate that the most important single feature of pulmonary edema at high altitude is severe pulmonary hypertension due primarily to hypoxic pulmonary arteriolar constriction, probably made more severe by exercise. Left ventricular failure or pulmonary venous constriction does not appear to be present. How pulmonary edema is produced by pulmonary hypertension cannot be answered at the present time.
Summary
Cardiac catheterization studies have been performed in four patients during acute pulmonary edema at an elevation of 12,300 feet in the central Peruvian Andes.
Pulmonary hypertension, low cardiac output, arterial unsaturation, and low normal pulmonary artery wedge pressures were observed. 'Oxygen breathing was accompanied by a prompt, marked fall in pulmonary artery pressure and a slight rise in wedge pressure, indicating the presence of anoxic pulmonary arteriolar constriction.
In one patient, pulmonary artery wedge pressures were not elevated during added hypoxia nor during exercise. The blood pressure response to the Valsalva maneuver was normal.
Similar studies were carried out in four subjects after recovery from pulmonary edema. One 9-year-old boy had persisting pulmonary hypertension. None had evidence of underlying cardiac disease. An abnormal rise in pulmonary artery pressure during induced hypoxia was observed in three of four patients.
It is concluded that pulmonary edema at high altitude is a unique form of pulmonary edema produced by hypoxia under certain conditions of exposure at high altitude. Severe pulmonary hypertension due to anoxic pulmonary arteriolar constriction is present. There is no evidence that pulmonary venous con-striction and cardiac failure are causative mechanisms.
